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[bookmark: _Toc233960478]1. Introduction
[bookmark: _Toc233960479]1.1 Background
Modern parking management systems generate large volumes of operational data that must be processed accurately. Information relating to customers as well as vehicles and parking sites, parking slots, bookings and payment transactions is highly interconnected (Ingle et al., 2024). In addition, when such information is maintained through manual records or isolated data files, then only organisations often experience duplicate records, inconsistent updates, reduced data integrity as well as limited reporting capabilities. 
[bookmark: _Toc233960480]1.2 Aim
The aim of this project is to primarily design and implement a relational database for the AutoPark Management System through the help of using Microsoft Access. The proposed solution is with the intention of providing structured and reliable platform for managing operational data while enforcing business rules through relationships, validation rules and integrity constraints (Alam et al., 2023).
[bookmark: _Toc233960481]1.3 Objectives
The primary objectives of the database are to design a normalised relational structure capable of managing parking operations efficiently which will help in minimising data redundancy. This can be done through appropriate entity separation, maintain data integrity using primary keys, foreign keys and validation mechanisms, and support operational as well as managerial decision-making (Ajayi et al., 2025). Therefore together, these objectives ensure that the database satisfies the functional requirements of the AutoPark Management System while providing a scalable foundation for the future purpose of the system.
[bookmark: _Toc233960482]2. Business Gap Analysis
[bookmark: _Toc233960483]2.1 Existing Business Problems
The absence of an integrated system to store and manage operational data creates a serious challenge to the existing process of parking management. The manual procedures of maintaining the customer details, vehicle information, parking slot allocation and payment records is increasing several problems. These problems are the likelihood of duplicate records, inconsistent updates, and lack of transactional information. Furthermore, the lack of defined relationships between business entities makes it difficult to understand and analyse the entire cycle of a parking transaction, from vehicle registration to payment completion.
[bookmark: _Toc233960484]2.2 Proposed Solution
Microsoft Access was used to develop a relational database which helped in solving the above-mentioned problem of the AutoPark System. The business data is divided into different related entities which are linked by showing the relationship between primary and foreign keys. This has helped in reducing redundancy and enhanced overall efficiency of the system. During the process of data entry, validation rules have been implemented which includes some domain-specific constraints. This ensures that the system is maintained through integrity and the entities recorded are valid. In addition to that, several queries are also raised to understand the process of data retrieval which has resulted in a more efficient transaction management process for AutoPark Management System. 


[bookmark: _Toc233960485]3. Technical Solution
[bookmark: _Toc233960486]3.1 Entity Relationship Design
The Entity Relationship Diagram (ERD) was developed to establish the logical structure of the AutoPark Management System. It defines the entities, their attributes as well as the relationships required to support transactional processing while maintaining data integrity of the whole system (Al-Fedaghi, 2025). The relational schema ensures that operational data is organised efficiently and that redundancy is minimised through appropriate entity separation.
Figure 1 illustrates the Entity Relationship Diagram developed for the AutoPark Management System.
[image: The diagram illustrates a database schema for a parking management system, showing relationships between entities such as payments, customers, vehicles, bookings, parking sites, and vehicle categories.

AI-generated content may be incorrect.]
Figure 1: Entiy-Relationship Report (ER Diagram)
Source: (Author)
As shown in Figure 1, the database consists of seven related entities connected through one-to-many and one-to-one relationships using primary and foreign keys, providing a structured foundation for managing customer, vehicle, booking and payment information.
[bookmark: _Toc233960487]3.2 Entity Design
[bookmark: _Toc233960488]3.2.1 Customers
The Customers entity stores personal information for registered users and is uniquely identified by CustomerID. Mandatory fields and email validation improve data quality by preventing incomplete or incorrectly formatted records.
Figure 2 illustrates the Customers entity, including its attributes, implemented validation rules and sample records.
[image: ]
[image: The image displays a table listing customer details, vehicle information, booking IDs, and payment amounts for various rental transactions.

AI-generated content may be incorrect.]
Figure 2: Customers (Entity) Table Attributes, Validation, and Records
Source: (Author)
The sample data includes customers such as CUS001 (Liam Turner) and CUS006 (Isabella Reed), each of whom can own one or more vehicles through the established one-to-many relationship.
[bookmark: _Toc233960489]3.2.2 Vehicles
The Vehicles entity records the registered vehicle, licence plate and category associated with each customer. CustomerID is being used as a foreign key which does not stores customer details repeatedly, further helping to maintain referential integrity within the system. 
Figure 3 illustrates the Vehicles entity together with the implemented sample records.
[image: The image displays a table in a software application, listing various fields such as VehicleID, CustomerID, CategoryID, and LicensePlate, each with their respective data types, such as Short Text.

AI-generated content may be incorrect.]
[image: The image displays a table with vehicle registration information, including VehicleID, CustomerID, CategoryID, and License Plate, listing various vehicle types and their associated details.

AI-generated content may be incorrect.]
Figure 3: Vehicle (Entity) Attributes, and Records
Source: (Author)
For example, VEH001 records licence plate AX71 KLM and references CUS001, demonstrating successful implementation of relational linking.
[bookmark: _Toc233960490]3.2.3 Vehicle Categories
All the vehicles are classified within a separate lookup entity which supports normalisation and eliminates any repetitions of textual values. 
Figure 4 illustrates the Vehicle Categories entity and its corresponding records.
[image: The image displays a table in Microsoft Excel with columns for 'Field Name,' 'Data Type,' and 'Category Name,' specifically for vehicle categories.

AI-generated content may be incorrect.]
[image: The image displays a table with vehicle categories, including cars, SUVs, motorcycles, vans, and electric vehicles, each listed under their respective category IDs.

AI-generated content may be incorrect.]
Figure 4: Vehicle Categories (Entity) Attributes, and Records
Source: (Author)
Categories including Car, SUV, Motorcycle, Van and Electric Vehicle are referenced through CategoryID, enabling multiple vehicles to share a common classification while preserving consistency across the relational model.
[bookmark: _Toc233960491]3.2.4 Parking Sites
The Parking Sites entity stores information relating to the physical parking locations managed by the system. Each site is uniquely identified by SiteID, which identifies which location in the lot is empty and could be allocated to a customer. 
Figure 5 illustrates the Parking Sites entity and its sample records.
[image: The image displays a table with columns for 'Field Name', 'Data Type', and various text fields such as 'SiteID', 'SiteName', and 'City'.

AI-generated content may be incorrect.]
[image: The image displays a table with various parking site locations and their respective cities, including North Gate Parking in Leeds, City Centre Parking in Cardiff, Waterfront Parking in Portsmouth, Market Square Parking in Leicester, and Station Road Parking in York.

AI-generated content may be incorrect.]
Figure 5: Parking Sites (Entity) Attributes, and Records
Source: (Author)
As shown in Figure 5, locations such as NorthGate Parking and City Centre Parking are stored independently, enabling multiple parking slots to be associated with a single site through a one-to-many relationship.
[bookmark: _Toc233960492]3.2.5 Parking Slots
The Parking Slots entity records the individual parking spaces which is available within each site. Attributes including SlotType and SlotStatus helps in defining the classification and availability of each slot in the system.
Figure 6 illustrates the Parking Slots entity.
[image: The image displays a table in a spreadsheet format with columns for different parking slot attributes, including unique identifiers and textual data types.

AI-generated content may be incorrect.]
[image: The image displays a table with various parking slots, each associated with a specific site and vehicle type, along with options to add or remove slots.

AI-generated content may be incorrect.]
Figure 6: Parking Slots (Entity) Attributes, and Records
Source: (Author)
Each slot references SiteID, ensuring that every parking space belongs to a valid parking site. 
During the process of data entry, the validation rule was also applied to the SlotType. This restricted entries to the already predefined vehicle classification, thus, removing inaccuracies. 
[bookmark: _Toc233960493]3.2.6 Bookings
The Bookings entity helped in storing the parking transactions by linking a vehicle to a specific parking slot together with the recorded entry and exit times already provided.
Figure 7 illustrates the Bookings entity.
[image: ExitTime

AI-generated content may be incorrect.]
[image: ]
Figure 7: Bookings (Entity) Attributes, and Records
Source: (Author)
A table-level validation rule ensures that ExitTime cannot precede EntryTime, which helped in preventing logically invalid booking records within the system.
[bookmark: _Toc233960494]3.2.7 Payments
Next, the Payments entity, in the system, stored the financial information associated with completed bookings in the past, which also includes the payment amount, payment method and transaction timestamp.
Figure 8 illustrates the Payments entity.
[image: ]
[image: The image displays a table listing various payments, each associated with a booking, showing the payment amount, date, and payment method.

AI-generated content may be incorrect.]
Figure 8: Payments (Entity) Attributes, and Records
Source: (Author)
Each payment references a unique BookingID, implementing a one-to-one relationship that ensures every completed booking corresponds to a single payment record.
[bookmark: _Toc233960495]3.3 Relationships and Keys
Primary keys uniquely identify records in each entity and foreign keys link dependent tables. Figure 1 shows the one to many relationships between Customers, Vehicles, Parking Sites and Bookings. Bookings and Payments have a one to one relationship to ensure referential integrity and avoid orphan records.
[bookmark: _Toc233960496]3.4 Normalisation
The database has been normalised to the Third Normal Form (3NF) to minimise redundancy which further removes the update anomalies. Entities such as Vehicle Categories are stored separately from the transactional data (Microsoft, 2025). 
[bookmark: _Toc233960497]3.5 Validation Rules
Validation rules were implemented to ensure that all data entered into the database adhered to the predefined business rules and maintained domain integrity. Validation was applied at field and table level, rather than depending on user input, to reduce data entry errors and enhance the overall reliability of information stored (Microsoft, 2026). These controls help prevent invalid records from being committed to the database and support consistent transactional processing.
The Customers entity has an email validation rule to ensure that the contact information is in the correct email format before a record can be saved. Figure 2 demonstrates the implemented validation settings together with the customer records, ensuring that attributes such as Email contain meaningful and standardised values rather than inconsistent text entries (Microsoft, 2026). This will improve the accuracy of communication and reduce the chances of invalid customer records being entered into the system. 
The Bookings entity has a validation rule at the table level to enforce that the ExitTime is greater than or equal to the EntryTime. This prevents impossible parking sessions, for example a car leaving before it has entered the facility. As shown in Fig. 3, the booking records then keep the chronological consistency and lead to an accurate representation of each parking transaction. 
Further validation controls were added to the Parking Slots and Payments entities. As shown in Figure 5, the SlotType attribute has a restriction to the specific vehicle types and thus it is not possible to input an incoherent description during the data entry (Microsoft, 2026). Similarly, Figure 6 shows that the attribute AmountCharged only accepts values that are greater than zero. This ensures that all the recorded payments are a valid financial transaction. 


[bookmark: _Toc233960498]3.6 Queries and Reporting
Another major step within the data management system was developing the Queries. Queries were developed to convert the stored transactional data into meaningful information for operational activities and management decision making. 
[bookmark: _Toc233960499]3.6.1 Complete Customer Transaction Report
The Complete Customer Transaction Report helps in consolidating the information from the Customers, Vehicles, Bookings and Payments entities into a single result set (Microsoft, 2025).
Figure 9 illustrates the Complete Customer Transaction Report generated from the database.
[image: ]
[image: ]
Figure 9: Complete Customer Transaction Query & Report
Source: (Author)
As illustrated in Figure 9, each transaction can be traced from the registered customer to the associated vehicle, booking and payment details. This query demonstrates the successful implementation of multi-table joins and enables complete transaction tracking without duplicating information across the database.
[bookmark: _Toc233960500]3.6.2 Premium Transactions Report
The Premium Transactions Report applies filtering criteria to identify bookings with higher payment values, allowing management to analyse significant transactions separately from routine parking activities.
Figure 10 illustrates the Premium Transactions Report.
[image: ]
[image: ]
Figure 10: Premium Transactions Query & Report
Source: (Author)
The query demonstrates the use of conditional filtering while providing a concise view of higher-value payments, supporting revenue analysis and financial monitoring.
[bookmark: _Toc233960501]3.6.3 Revenue by Parking Site
The Revenue by Parking Site query applies an aggregate function to calculate the total payment value generated by each parking location (Microsoft, 2026).
Figure 11 illustrates the Revenue by Parking Site report.
[image: ]
[image: ]
Figure 11: Revenue by Parking Site Query & Report
Source: (Author)
By grouping transactions according to SiteName and summing AmountCharged, the query enables direct comparison of financial performance between parking facilities, providing useful information for operational planning and resource allocation.
[bookmark: _Toc233960502]3.6.4 Vehicle Category Usage
The Vehicle Category Usage query combines the Vehicle Categories and Vehicles entities to present the distribution of registered vehicle types (Kanwal, 2025).
Figure 12 illustrates the Vehicle Category Usage report.
[image: ]
[image: ]
Figure 12: Vehicle Category Usage Query & Report
Source: (Author)
The report confirms that each vehicle references a valid category through CategoryID, demonstrating correct implementation of foreign key relationships while assisting in analysing parking demand across different vehicle classifications.
[bookmark: _Toc233960503]3.6.5 Parking Site Occupancy Report
The Parking Site Occupancy Report joins Parking Sites and Parking Slots to display the current allocation and availability of parking spaces.
Figure 13 illustrates the Parking Site Occupancy report.
[image: ]
[image: ]
Figure 13: Parking Site Occupancy Query & Report
Source: (Author)
The resulting report presents parking location, slot type and occupancy status in a structured format, enabling rapid assessment of parking capacity. All of the queries together shows that the database is supporting efficient data retrieval and makes decision based on the data entries made by the previous customers. This helps in sorting in a much better way which enhances the efficiency of the system. 


[bookmark: _Toc233960504]3.7 Testing and Validation
There were many tests that were run to confirm the functionality, reliability, and integrity of the database. This process showed that the relationship between the foreign keys developed and the primary keys helped in maintaining the referential integrity within the overall system. In addition, five queries were executed which confirmed that the system was properly retrieving, relating, and summarising information entered by the customers. Furthermore, the test result also helped in confirming that the customer, vehicle, booking, parking slot, and payment transaction data are all being processed accurately while also maintaining data integrity (Bhanushali, 2023). 

[bookmark: _Toc233960505]4. Reflection 
The development of this whole database system has helped me a lot in gaining a practical understanding of how relational databases are designed. I have learned several things about making the entities relationship, setting different types of validation rules. This also helped me to ensure that the integrity of all the data that is being stored in the system is maintained. However, during the whole process I faced several challenges like establishing proper relationships between the entities and using the Microsoft Access software. For mitigating these challenges, I tried to watch online materials and went through the articles which could help me in understanding how other scholars have worked on the same challenges. Therefore, this whole journey was very informative for me and the knowledge that I have gathered will help me in making such software in the future as well. 
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